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ABSTRACT 

This report reviews forecasts of the return of sockeye salmon t o  Bristol 
Bay, Alaska in 1983 made by the Alaska Department of Fish and Game ( A D F & G ) ,  
Japan, and the Fisheries Research Ins t i tu te  a t  the University of tlashington. 
Individual ADF&G r iver  system forecasts by age class  are discussed in de ta i l ,  
and issues involving forecast r e l i a b i l i t y  and consistency are addressed. 



INTRODUCTION 

This report i s  a synthesis of several independent forecasts of the returns of 
sockeye salmon to Bristol Bay in 1983, together with confidence intervals ,  
re lat ive accuracy, and a cr i t ique of each forecast method. The forecast methods 
considered are:  (1) The standard forecast made by the Bristol Bay research 
s t a f f ,  Alaska Department of Fish and Game (ADF&G) ; ( 2 )  A forecast made based 
on the arithmetic mean catch per e f fo r t  (CPUE) from variable mesh gil  lne t  samp- 
l ing by Japanese research vessel south of the Aleutian Islands; (3) A forecast 
made based on the geometric mean catch per e f fo r t  from variable mesh g i l l  net 
sampling by Japanese south of the Aleutian Islands; (4) A forecast based on a 
relation between estimated total  Bristol Bay parent escapement, mean June a i r  
temperature a t  Cold Bay during the two years prior t o  year of return and total  
Bristol Bay return; and (5) A forecast based on catch per e f fo r t  in purse seine 
sampling south of Adak by the Fisheries Research Ins t i tu te ,  University of Wash- 
ington (FRI) . Throughout th is  paper the Gi 1 bert-Rich method of age designation 
for  salmon i s  used1. 

METHODS 

Standard ADF&G Forecast 

The ADF&G forecast attempts t o  forecast by river system and major age class  
(4,, 5,, 5,, 6,) within r iver  system based on a variety of techniques. The 
f i r s t  method assumes a return per spawner based on ei ther  a r iver  system speci- 
f i c  escapement-return relationship or recent observed return-per-spawner e s t i -  
mates fo r  the particular r iver  system. The predicted returns from the parent 
escapement (1977, 1978, and 1979 brood years) based on the assumed return per 
spawner are partitioned into component age classes by the historical mean or 
cyclical mean proportion of the particular age class  returning. This method i s  
hereafter referred to  as forecasting by return per spawner. The second method 
i s  based on the return of younger sibling age classes from the same brood year. 
Two techniques are  used: The f i r s t  uses a l inear  regression model of the forth- 
coming return of the older sibling age class  based on the return of the younger 
s ibl ing age class the year before, f i t  to  historical data. In the second tech- 
nique the return of the younger sibling age class i s  multiplied by the r a t io  of 
the return of the older sibling age c lass  to  the return of the younger sibling 
age class.  These techniques a re  hereafter referred to as the method of fore- 
casting by the return of sibling age classes.  The third method i s  based on m o l t  
studies. These studies are available only for  the Kvichak and Wood River systems. 
There a re  three techniques used: The f i r s t  multiplies the estimated number of 
smolts leaving the river system by the mean proportion surviving to  returning 

Gil bert-Rich Formula - Totai years of l i f e  a t  maturity (large type) - year 
of l i f e  a t  outmigration from freshwater (subscript) .  



adul t s .  For 4, and 5, age c lasses  i n  the  Kvichak River the proportion surviv- 
ing i s  posi t ively  correlated w i t h  mean June a i r  temperature a t  Port Heiden 
during the year of smol t outmigration (Yuen 1979). The proportion surviving 
fo r  these age c lasses  i s  appropriately adjusted fo r  year t o  year variat ion i n  
temperature based on simple l inear  regression. The second technique of fore- 
cast ing based on smolt s tudies  i s  the product of the numbers of outmigrating 
smolts, the average marine survival ,  and the  average ocean age proportion. In 
the Wood River system the ocean age proportion i s  very close t o  the  ocean age 
proportion of the  parent escapement of the smolt outmigration and i s  used a s  
the estimate of the  ocean age proportion of the returning adul ts  from the pop- 
ulat ion of smol t s  outmigrating. The t h i rd  technique of forecasting based on 
smolt data i s  the  product of the  f resh  water age proportion of the smolt out- 
migration observed from the  brood year of i n t e r e s t ,  the expected return from 
the brood year based on return per spawner, and the mean ocean age proportion. 
These techniques will  be hereafter  referred to  as  the method of forecasting 
based on smol t data.  

Thus, several methods a r e  avai lable  f o r  forecasting returns fo r  each r i ve r  sys- 
tem and age c l a s s  within r iver  system. The r e su l t s  of each of the  major methods 
( i . e . ,  forecasting by return per spawner, return of s ib l ing  age c lasses ,  and 
smol t da t a ) ,  i f  avai lable ,  are  simply averaged and therefore weighted equally. 
If more than one estimate i s  avai lable  w i t h i n  a  major method, these a r e  averaged 
t o  give one r e s u l t  f o r  the  major method. In some cases a r e s u l t  f o r  a major 
method i s  excluded in the  f ina l  averaging process. The ra t ionale  f o r  these 
exclusions i s  deta i led i n  a  separate section of t h i s  report .  

Forecast Based on Japanese High Seas Sampling 

The Japanese have been sampling a s e r i e s  of s ta t ions  south of the Aleutian 
Islands during the  summer months June through ear ly  August w i t h  variable mesh 
g i l l n e t s  since 1972 (Takagi and I t o  1980). These catch data may be used to 
estimate re la t ionships  between mean catch per e f f o r t  of 1-ocean2 immature and 
2-ocean immature and subsequent return of 2-ocean mature and 3-ocean mature 
sockeye salmon t o  Bristol  Bay the following year,  respectively (Figure 1 ) .  Two 
methods f o r  analysis  of the catch data have been used. The f i r s t  method uses 
the  ar i thmet ic  mean of the catch per e f f o r t  among sampling s t a t i ons  and the 
second method uses the geometric mean per e f f o r t  among sampling s ta t ions .  The 
ari thmetic mean was used i n  the  ADF&G1s analysis  of and forecast  based on the 
Japanese data (Yuen 1982) and the geometric mean was used i n  FRI's analys is  of 
and forecas t  based on the Japanese data (Rogers 1982). 

Forecast Based on an Escapement-Temperature Model 

An empirical model re la t ing  observed returns t o  estimated parent escapement and 
mean June a i r  temperature a t  Cold Bay during the period of ocean residence of 
the  returning f i s h  has been developed by Huttenen e t  a l .  ( i n  prep.).  The 
following model was used: 

2 One marine annulus. 
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Figure 1 .  Upper panel - Relation between geometric mean CPUE of 1-ocean immature sockeye 
salmon froni g i l l  ne t  sampling by Japanese and 2-ocean inshore re tu rn  of sockeye 
salmon ( so l i d  l i n e ,  closed s t a r s ) .  Y = A + B X ,  A = 1.G50, B = 23.591, R2 = 
.745, n = 10. Relation between ar i thmet ic  mean CPUE of 1-ocean immature (dash- 
ed l i n e ,  open s t a r s ) .  Y = A + B X ,  A = -1.146, B = 19.094, ~2 = .672, n = 10. 
Lower Panel - The same f o r  r e l a t i on  between mean CPUE of 2-ocean immature sock- 
eye salmon and inshore re turn  of 3-ocean mature sockeye salmon. Geometric mean 
i s  s o l i d  l i n e ,  closed s t a r s .  Y = A + BX, A = 4.123, B = 4.739, R2 = .513, n = 
10. Arithmetric mean i s  dashed l i n e ,  open s t a r s .  Y = A + B X y  A = 4.526, B = 

3.215, R2 = .471, n = 10. 
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where R~ = returns i n  year i ,  Ei = the estimated parent escapement of the  returns 
in year i, ~i = the mean of the two mean June a i r  temperatures a t  Cold Bay during 
year i-1 and i-2, and A ,  B ~ ,  B~ a r e  constants determined by l e a s t  squares f i t  to  
past data. The parent escapement fo r  the return i n  year i was estimated by 
summing the  escapements i n  year i-6, i-5, and i-4 multiplied by the mean propor- 
t ion (taken over the  years 1965-1 982) of the  return t ha t  were 6 ,  5,  and 4-year- 
01 d f i s h ,  respectively.  These proportions a r e  remarkably consis tent  from year 
to  year except f o r  cycle years which tend t o  have more 5-year-old f i s h  returning. 

Confidence Limi t s  

Confidence l imi t s  were estimated f o r  the  accuracy of each of the major forecast -  
ing methods (except f o r  the FRI forecast  based on purse se ine  sampling) from 
analysis  of the  performance of each of the methods i n  forecasting past  returns 
t o  Bristol  Bay. A simple l i n e a r  regression model re la t ing  observed return t o  
forecasted returns was f i t  t o  pas t  data (Table 1 ) .  Confidence in te rva l s  around 
the  regression l i n e  were estimated by standard techniques (Sokol and Rohlf 1969). 
The f i t t e d  regression 1 ine ,  the 80% confidence i n t e rva l ,  and a plot  of the his-  
to r ica l  data a r e  presented f o r  each of the  major to ta l  Bristol  Bay forecast  
methods (Figures 2 t o  5 ) .  

RESULTS OF THE ADF&G FORECAST 

Presented below i s  a narra t ive  of the r e su l t s  of the various ADF&G forecasting 
techniques (Table 2) used t o  generate r i ve r  system and age c l a s s  w i t h i n  r i ve r  
system spec i f ic  forecasts .  Presented f o r  each of the major r i ve r  systems 
(Kvichak, Naknek, Egegi k ,  Ugashi k ,  Woody Igushi k ,  Nuyakuk, and Togiak) a r e  the 
d e t a i l s  of how the forecasts  were made, and how, in s i tua t ions  where more than 
one forecast  was avai lable ,  the several forecasts  were averaged o r  excluded t o  
give the f ina l  value. Areas of concern a re  iden t i f i ed  by inconsistenc+es i n  
r e su l t s  of a l t e rna t i ve  forecasting techniques. These issues a re  presented by 
r iver  system and by age c lass  within r i ve r  systems. Summaries of forecasts  
made by return per spawner (R/S) a r e  given i n  Table 3; forecasts  of the  return 
of 4, and 5, based on return of jacks i n  1982 ( i . e . ,  using the return of s ib l ing 
age c l a s s  forecasting method) a re  given in Table 4 ;  and fo recas t s  based on smolt 
data a r e  given i n  Tab1 es 5 and 6. 

Kvichak 

Analysis of observed return per spawner since the  1970 brood year has shown 
tha t  R/S appears t o  be declining since the 1973 brood year.  Returns t o  the 
Kvichak were considerably below forecas t  both in 1981 and 1982. The projected 
R/S f o r  the 1977 (2.58) and 1978 (1.91) brood years based on returns t o  date 
seem t o  be c loser  t o  the average observed h i s to r i ca l l y  f o r  the  Kvichak system 
(2.63) ra ther  than the high values observed 1973-1 976 brood years (6.04).  Con- 
sequently we used R/S based on a Ricker escapement-return re la t ionship  f i t  t o  
a l l  years of data since the 1956 brood year.  



Table 1 .  Comparison of various forecast methods, Bristol Bay, Alaska, 1961- 
1982. 

Predicted Returns in Millions 

Japanese Sampl ing* Escapement 
Arithmetic Geometric Temperature Observed Return 

Year ADF&G1 Mean Mean Flodel Inshore Total 

Forecast i s  inshore return. 

2 Forecast i s  total  return,  including the estimated Japanese catch. 



Figure 2.  Relation between observed inshore return and forecasted inshore re turn  based on the ADF8.G fore- 
cas t ing technique ( so l id  l i n e ) ,  together w i t h  an 80% confidence band (dashed 1 ine ) .  The dotted 
l i n e  i s  t he  1-1 correspondence. Y = A + B X ,  A = 4.114, B = 0.776, R 2  = 0.521, n = 22. 
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Figure  3. Re1 a t i o n  between observed inshore  r e t u r n  and fo recasted inshore r e t u r n  based on a r i t h m e t i c  
mean CPUE from Japanese h igh  seas g i l l  n e t  sampling ( s o l  i d  l i n e ) ,  together  w i t h  an 80% 
confidence band (dashed l i n e ) .  Y = A + BX, A = 1.033, B = 1.026, R 2  = 0.758, n = 10. 



Figure 4. Relation between observed inshore return and forecasted inshore return based on geometric mean 
CPUE from Japanese high seas g i l l  net sampling (sol id l ine ) ,  together with an 80% confidence 
band (dashed l i n e ) .  Y = A + BX, A = -0.036, B = 1.0072, R2 = .749, n = 10. 





Table 2. P re l  i m i n a r y  f o r e c a s t  o f  t h e  1983 B r i s t o l  Bay sockeye salmon run.  

Number o f  F i s h  i n  Thousands 
Age Class (Brood Year) Age Class (Brood Year) 

D i  s t r i c t / S y s t e m  42 (1979) 5, (1978) 5, (1978) 6, (1977) To ta l  

Naknek-Kvichak D i s t r i c t  
Kvichak R i v e r  6,616 1,786 
Branch R i v e r  176 9 7 
Naknek R i ve r  51 1 780 

To ta l  7,303 2,663 2,061 1,123 13,150 

Egegi k D i s t r i c t  666 1,342 433 974 3,415 

Ugashi k D i s t r i c t  

Nushagak D i s t r i c t  
I 
A Wood R i ve r  1,647 
0 

61 6 
I I gush i  k R i v e r  153 57 

Nuyakuk R i ve r  21 6 81 
Nushagak-Mu1 chatna 852 - - 
Snake R i v e r  13 8 

To ta l  2,114 762 2,582 330 5,786 

Togiak D i s t r i c t  172 7 1 302 44 589 

To ta l  B r i s t o l  Bay1 13,560 5,262 5,591 2,704 27,117 

Sockeye salmon o f  severa l  minor  age c lasses  i s  expected t o  c o n t r i b u t e  an a d d i t i o n a l  1-2 pe rcen t  t o  t h e  
t o t a l  r e t u r n .  

2 Inc ludes  41 age c l ass .  



Table 3. Summary of f o r e c a s t s  by r e tu rn  per spawner escapements and r e tu rns  
in m i l l i o n s ,  Br i s to l  Bay, Alaska. 

Assumed Assumed Prop. of 
Age Parent  Return per  t h e  Respective Age Predicted 

Sys tem Cl a s s  Escapement Spawner Class  i n  Return Return 

Kvichak 42 11.218 1.66 . 2532 4.708 
5 3 4.149 1.58 .3382 1.079 
52 4.149 1.58 .I652 2.216 
6 3 1 .341 2.58l ,2252 0.765 

Naknek 4 2 0.925 3.87 
5 3 0.813 3.98 
52 0.813 3.98 
63 1.086 3.72 

Egegi k 4 2 1.032 3.13 
5 3 0.896 3.53 
5 2 0.896 3.53 
63 0.693 7.17' 

Ugashi k 4 2 1.701 4.62 
5 , 0.070 11.66 

Wood 4 2 1.706 1.86 
5 3 2.267 1.25 
5 2 2.267 1.25 
6 3 0.562 5.86' 

Igushi k 4 2 0.860 0.84 
5 3 0.536 0.84 
5 2 0.536 0.84 
63 0.096 22 .OO1 

Nuyakuk 42 0.360 5.24 
5 3 0.577 3.88 
52 0.577 3.88 
63 0.233 10.601 

Togiak 4 2 0.171 3.94 
5 , 0.274 2.44 

R/S based on r e t u r n s  t o  d a t e  divided by 1 - t h e  long term proport ion 6, in  
t h e  r e tu rn .  

2 Clear c y c l i c  p a t t e r n  in  age composition of r e t u r n ,  t he re fo re  t h e  mean pro- 
por t ion  f o r  t h e  r e spec t ive  c y c l i c  year  was used. 



Table 4. Summary of B r i s t o l  Bay sockeye r e t u r n  fo recas ts  based on r e t u r n s  o f  jacks  i n  1982. 

4, on 3, 5, on 4, 

C o r r e l a t i o n  # 3, i n  F o r e c a s t o f  Co r re la t i on  # 4, i n  Forecast o f  
Sys tem C o e f f i c i e n t  1982 Rank 4, i n  1983 C o e f f i c i e n t  1982 Rank1 5 , i n 1 9 8 3  

Kvichak 

Naknek 

Egegi k  

Ugashi k  

Wood 

I, Nuyakuk 
N 
I 

Rank i n  t h e  # o f  years  s ince  1956 t h a t  have had a h igher  number o f  jacks  r e t u r n i n g .  

2 Cycle years were excluded i n  t h e  ana lys is .  

3 No h i s t o r y  o f  4, r e t u r n i n g  t o  Nuyakuk. 



Table 5. Summary of Br is to l  Bay sockeye re turn  f o r e c a s t s  made based on smolt s tud ies .  

Assumed Ass umed As sumed 
Age # Smolt Proportion Forecast Marine Ocean Age Forecast 

Sys tem Class (mi l l ions )  Returning (mil 1 ions)  Survival Proportion (mil l  ions)  

Kvichak 4 2 162.958 .083l 13.569 .0907 ,63622 9.403 

Wood 

Assumed proport ions based on regression of pas t  proport ions and mean a i r  temperature June a t  Por t  Heiden. 

Cyclic ocean age proport ions.  



Table 6. Summary of Br is to l  Bay sockeye r e tu rn  f o r e c a s t s  made based on a 
combination of smolt s t u d i e s  and r e t u r n s  per  spawner. 

Proportion 
Assumed Return Respective 

from Parent Freshwater Age Respective 
Age Escapement in Resulting Ocean Age Forecast  

Sys tem Class (mil 1 ions)  Smol t Proportion (mil 1 ions)  

Kvi cha k 4 2 18.646 .6444 . 636Z1 7.645 

Wood a, 3.173 .go00 .5320 1.519 

5 3 2.834 .4176 .7720 .914 

5 2 2.834 .5824 .2075 .342 

Cycl i c ocean age proport ion.  



There was a large  d i spar i ty  between forecasts  made based on smolt data (Table 
5 and 6)  and the forecast  based on R/S. The forecast  of 4, based on R/S was 
4.7 mill ion.  Fifty-seven thousand age 3, sockeye, the  l a rge s t  3, return ever 
observed fo r  the  Kvichak, returned in 1982. The forecast  based on the return 
of these jacks was 10.3 mill ion.  T h i s  value was ignored in the f i na l  fo recas t  
because the  record return of 3, was beyond the bounds of the  data.  The three 
techniques t ha t  we used t o  forecast  based on smol t data gave 13.6, 9.4, and 7.6 
mill ion.  We ignored the f i r s t  est imate,  which was based on the  proportion of 42 
f i sh  returning from the 1981 smolt outmigration estimated from P t .  Heiden June 
a i r  temperature, because of the f a i l u r e  of t ha t  method to  predic t  returns of 4, 
sockeye i n  1982. We averaged the two remaining values t o  give a forecast  of 8.5 
million based on smolt data .  The fo recas t  based on smolt data and R/S was aver- 
aged t o  give the f i na l  f igure  of 6.6 mill ion.  

The fo recas t  based on return per spawner was 2.2 mill ion.  The fo recas t  based 
on the near record of 4, returning in 1982 was 1.9 mill ion.  The three techniques 
used t o  fo recas t  based on smolt s tudies  gave 2.1, 1 . I ,  and 0.3 mill ion. The most 
inconsistent  was the  l a t t e r  f igure  which was based on a combination of R/S and 
the  observed three  year old component of the  smolt produced from the 1977 escape- 
ment. We averaged the three smolt forecasts  giving a 1.2 million f igure .  The 
values from each of the three major forecasting techniques were averaged to  give 
the  f ina l  f igure  of 1.8 mill ion.  

The forecast  of 5, (1.1 mil 1 ion) based on R/S was consis tent  w i t h  the fo recas t  
(0.8 mill ion) based on return of 4, i n  1982. That l a t t e r  forecast  was based on 
an average of 1.1 million from regression of 5, on 4, and 0.6 million from cyc l ic  
r a t i o  of 5, t o  4,. However, these fo recas t s  were widely inconsistent  w i t h  the 
forecast  (3.9 mil l ion)  based on smolt data. That forecast  was an average of 3.4, 
6.0, and 2.4 million given by the three techniques used t o  forecast  from smolt 
data.  The large  smolt fo recas t  was ignored in the f i na l  f igure  because of the  
f a i l u r e  of the  1980 smolt migration t o  return a s  4, in 1982. The forecast  based 
on R/S and return of 4, were averaged t o  give the  f ina l  f igure  of 1.0 mill ion.  

The f inal  f igure  of 0.4 mill ion was an average of the  forecast  based on R/S (0.8 
mill ion) ,  based on return of 5, in 1982 (0.2 mill ion) ,  and based on smol t data 
(0.2 mi l l ion) .  

Kvichak Synopsis 

A heavy return of 4, i s  forecasted f o r  the  Kvichak in 1983. This was based on 
a very conservative in terpreta t ion of the  data in view of the lower than an t i -  
cipated return to  the Kvichak i n  1981 and 1982. The return of 3, in 1982 and 
the  smolt data suggest a much la rger  return.  This i s  a key area t o  watch in 1983. 



A moderate return of 5, i s  forecasted t o  return in 1983 based primarily on the  
lower than forecast  return of 4, in 1982. One can speculate t ha t  the low return 
of 4, was due t o  delayed maturation. If t h i s  were t o  occur or i f  we were t o  
have normal proportions of the large  1980 smol t outmigration t o  return a s  5,, 
then the return of 5, could be much higher i n  1983. The Bristol 6ay s t a f f  f e l t  
t ha t  t h i s  was unlikely to  occur because the  re turns  of 5, and 4, from the same 
brood year a re  closely re la ted in the Kvichak. The poor return of 4, in 1982 
suggests t ha t  the  return of 5 , ' s  i n  1983 will be poor t o  moderate. 5, 's  have 
never been a dominant component of the  Kvichak return.  I t  would be very unusual 
f o r  5, 's  to  return i n  s u f f i c i en t  numbers t o  mediate the  very low marine survival 
based on the returns thus f a r  from the 1980 smolt outmigration. Nevertheless, 
t h i s  i s  another key area t o  watch i n  1983. 

Naknek 

The observed return per spawner since the 1970 brood year has ranged from 1.79 
t o  6.01. There does not appear t o  be any decreasing trend in return per spawner 
over time in the Naknek system. There i s  a s l i gh t  depression in R/S a t  high 
escapements. The escapements i n  1977, 1978, 1979 were moderate and the  assumed 
R/S f o r  these escapements a r e  3.72, 3.98, and 3.87, respectively.  These a r e  
based on simple 1 inear regression of R/S against  escapements f o r  the 1970-1976 
brood years. 

The fo recas t  based on R/S and t h a t  based on return of s ib l ing age c lasses  were 
very consis tent  f o r  each of these age c lasses .  The f ina l  forecasts  of 0.5 
million 4 , ' s ,  0.8 million 5 , ' s ,  and 0.9 million 6 , ' ~ ,  a re  a simple average of 
these two forecasts .  

There was inconsistency i n  the  forecast  based on R/S (1.1 mil 1 ion) and the fore- 
cas t  based on the very low return of 5, 's  i n  1982 (0.3 mil l ion) .  The f i na l  
forecast  was an average of these two numbers. This inconsistency, however, 
points to  a key area to  watch i n  the Naknek in 1983. The forecast  (0.7 mil l ion)  
wil l  e i t h e r  be under or over depending on whether the  return of 6 , ' s  to  the 
Naknek i s  strong o r  weak. 

Egegi k 

Observed R/S since the  1969 brood year has ranged from 1.34 t o  9.87. There i s  
a c l ea r  decrease in R/S with increasing escapement. Escapements over 1 million 
have produced R/S l e s s  than 3. There i s  a decreasing trend i n  R/S since the 
1976 brood year b u t  t h i s  i s  re la ted t o  an increasing trend in escapement since 
1976. The assumed R/S f o r  the  1977, 1978, and 1979 brood years a r e  7.17, 3.53, 
and 3.13, respectively.  These a re  based on simple l inear  regression of R/S on 
escapement f o r  the 1969-1976 brood years.  

There was a great  inconsistency in the  fo recas t  based on R/S (0.20 mill ion) and 



the fo recas t  of 1.1 mill ion based on the near record return (3 .3  thousand) of 
3, in 1982. The f i na l  forecas t  (0.7 mi l l ion)  was the average of these two 
values. This would be an unusually large  re turn  of 4, t o  Egegik. Limited 
sampling of the  1981 smolt outmigration from Egegik showed t ha t  2-year-old 
smolt were 37 percent of the  population. This was the  highest observed i n  
the 7 previous samples taken during the years 1956-1 978, which averaged 15% 
2-year-old smolt. The f i na l  forecasted value f o r  the re turn  of 4, t o  Egegik 
in 1983 represents a compromise between the  very large fo recas t  based on re turn  
of 3, and the very low forecas t  based on the  h i s t o r i c a l l y  low proportion of 4, 
returning t o  Egegi k .  This i s  a key area t o  watch in 1983. 

The fo recas t  based on return per spawner (1.5 mill ion) was nearly ident ica l  t o  
the forecas t  based on a l a rge  re turn  of 4, ' s  in 1982 (1.2 mill ion) .  If the 
re turn  of 4 , ' s  i s  strong in 1983 and the l imited smolt age composition data 
taken i n  1981 i s  cor rec t  the re turn  of 5,'s t o  Egegik in 1983 could be much 
stronger than the  1 .3  million forecas t .  This i s  another key age c l a s s  t o  watch 
i n  1983. We should watch very careful ly  the ea r ly  age composition data i n  Egegik 
as  there  i s  a potential  f o r  a very l a rge  return t o  Egegik i n  1983. 

The fo recas t  based on re turn  per spawner (0.30 mil l ion)  and the fo r eca s t  based 
on re turn  of 4 , ' s  i n  1982 (0.56) were averaged t o  give the f i na l  fo recas t  of 
0.43 mill ion.  

There was inconsistency between the  fo r eca s t  based on R/S (1.4 mil l ion)  and the  
fo recas t  based on the  poor re turn  of 5 , ' s  i n  1982 (0.53 mill ion) .  The re turn  
of 5 , ' s  was the  lowest s ince  1973. The f i na l  fo recas t  (0.97 mill ion) was an 
average of these two values. This inconsistency and the large  forecasted re turn  
of 6 , ' s  points  t o  another area t o  watch i n  1983. 

Ugashi k 

Return per spawner has been very high in the Ugashik system s ince  the  1974 brood 
year. The projected R/S f o r  the  1977 and 1978 brood years based on re turns  t o  
date i s  12.8 and 16.1, respectively.  The range of R/S s ince  1974 has been 9.16- 
14.4, with the  mean f o r  those years being 12.47. The parent escapements f o r  the  
1977, 1978, and 1979 brood years t ha t  wil l  contr ibute  t o  the 1983 return a r e  0.2, 
0.070, and 1.7 mil l ion,  respectively.  The major problem i n  making the 1983 
Ugashik fo recas t  i s  estimating the R/S from the l a rge  1979 escapement. There i s  
a decreasing trend i n  re turn  per spawner with increasing escapement. A l i n e a r  
regression model was used t o  ext rapola te  R/S f o r  the  high 1979 escapement, giving 
a value of 4.6. The average R/S observed f o r  the  1975-1 976 brood years (1 1.7) 
was used t o  fo recas t  re turns  from the  1977 and 1978 brood years.  

4,: 

There was a very large  inconsistency between the  fo recas t  based on R/S (1.6 



mil l ion)  and the fo recas t  based on the record return of 3 , ' s  i n  1982 (5.1 
mill ion) .  The f i na l  fo recas t  value (3 .3  mill ion) was simple average of these 
two numbers. I f  t h i s  were t o  occur i t  would be a record re turn  of 4, t o  Uga- 
shik.  The previous high return was 3.1 million 4 , ' s  in 1960. The fo recas t  
based on R/S was based on a f a i r l y  conservative (4.5)  R/S r e l a t i ve  t o  those 
observed in very recent years.  However, the  parent  escapement f o r  the 1983 4, 
return was very high and i t  i s  possible t h a t  density dependent mortal i ty due 
t o  those high escapements wil l  cause a return of 4 , ' s  lower than fo recas t .  
This i s  a key area t o  watch in 1983, a s  actual  re turns  wil l  probably be s igni-  
f i c a n t  above o r  below forecas t  l eve l s .  

The f i na l  fo recas t  of 0.4 mil l ion 5,, 0.2 mil l ion 5,, and 0.2 million 6, were 
simple averages of the  fo recas t  based on R/S and fo recas t  based on re turn  of 
younger s ib l ing  age c lasses .  The two fo recas t s  were very consis tent  f o r  5 , ' s  
and 5 , ' s .  The fo recas t  of 6, re turns  based on R/S (0.38 mill ion) was much 
la rger  than the fo recas t  based on the  re turn  of 5, 's  i n  1982 (0.09 mil l i o n ) .  

Wood River 

Observed R/S from the  1970-1976 brood years ranged from 1.49-6.49. Projected 
R/S f o r  the 1977 and 1978 brood years based on re turns  t o  date i f  5.9 and 1.1, 
respectively.  The escapement i n  1978 was 2.3 mill ion.  T h i s  i s  the l a rge s t  
observed to  t h a t  time, (note t h a t  the escapement i n  1980 was higher) .  There i s  
a c l e a r  decreasing trend in R/S w i t h  increasing escapement. The projected R/S 
f o r  the  1978 brood year i s  consis tent  with t h a t  t rend.  The natural  logarithm 
of R/S was regressed agains t  escapement, giving values of 4.07, 1.27, and 1.86 
f o r  R/S f o r  the 1977-1979 brood years ,  respectively.  

Nearly 7.7 thousand 3 , ' s  returned t o  Wood River i n  1982. B u t  the re la t ion  
between 4, and 3, re turns  i s  very poor f o r  the  Wood River system; consequently, 
the  re turn  of 3 , ' s  in 1982 was not used in the fo recas t .  The fo recas t  based on 
R/S (1 .5  mil l ion)  was very c lose  t o  the fo recas t  based on smolt data (1.8 
mill ion) .  These were averaged giving 1.6 million a s  the f i na l  fo recas t  of 4 , ' s  
returning in 1983. 

There was a large  inconsistency among the  fo recas t  based on R/S (0.29 mil 1 i on ) ,  
the fo recas t  based on return of 4, ' s  in 1982 (0.22 mil 1 ion) and the fo recas t  
based on smolt data (1.3 mil l ion) .  A good return of 4 , ' s  t o  Wood River occurred 
in 1982. The fo recas t  based on return of 4, 's was low due t o  h i s t o r i c a l l y  low 
return of 5, 's t o  Wood River. The forecas t  based on smolt data was very high 
due t o  a very large  percentage of 3-year-old smolts (34% compared t o  5.7% aver- 
age f o r  the previous years of da t a ) ,  a s  well a s  a high estimated level of 3-year- 
01 d smol t abundance (33 mil 1 ion compared w i t h  6.4 mil 1 ion average f o r  the  pre- 
vious years of da ta ) .  The f i na l  fo recas t  (0.60 mil 1 ion) was a simple average 
of these 3 values. Because of the inconsistency i n  the fo recas t s  and the f a c t  
t ha t  the age composition of the 1981 smolt outmigration was unusual, t h i s  i s  a 



key area t o  watch in 1983. I t  i s  l i ke ly  t h a t  the re turn  of 5 , ' s  to  the Wood 
River system will  be higher than fo recas t .  

5, and 6,: 

The fo recas t s  based on R/S, smolt data ,  and return of s ib l ing  age c lasses  were 
f a i r l y  consis tent  f o r  these age c lasses .  The f i na l  fo recas t  (0.90 and 0.09 
million f o r  5, and 6,, respect ively)  were simple averages of these 3 fo recas t s .  

Igushi k 

Observed R/S from the 1970-1976 brood years  has ranged from 0.90 t o  15.96. The 
projected R/S f o r  the 1977 and 1978 brood years based on re turns  t o  date i s  
22.0 and 0.46, respectively.  The escapements i n  1977 and 1978 were markedly 
d i f f e r en t ,  with the  escapement in 1977 being 0.096 mill ion and 0.54 mill ion in 
1978. There i s  an almost precipitous decrease in R/S with increasing escapement 
in the Igushik system. The escapement i n  both 1978 and 1979 were very high. 
The escapement i n  1979 was 0.86 mil l ion,  which was a record t o  t h a t  date.  R/S 
observed f o r  pas t  escapements near o r  exceeding 0.5 million were l e s s  than 1.0 
and averaged 0.84. That value was used t o  project  re turns  from the 1978 and 
1979 brood years.  

4, and 5,: 

The Igushik system produces almost no jacks;  consequently the method based on 
return of jacks i s  not avai lable  t o  fo recas t  re turns  of 4 , ' s  and 5 , ' s .  The fore-  
cas t  based on R/S f o r  4, and 5, i s  0.15 and 0.057 mil l ion,  respectively.  

The fo recas t  based on R/S was 0.25 mil l ion,  whereas the  fo recas t  based on the  
return o r  4 , ' s  i n  1982 was 0.35 mill ion.  The f i na l  fo recas t  was 0.30 mill ion.  

The fo recas t  based on R/S was 0.23 mil l ion,  while the  fo recas t  based on the  low 
re turn  of 5, in 1982 was 0.032 mill ion. The f i na l  fo recas t  (0.13 mil 1 ion) was 
an average of these two values. 

The Nuyakuk re turns  have been dominated by 5 , ' s  in recent  years. The assumed 
age composition of the  return by brood years  were taken t o  be i n  the mean of 
observed values 1967-1976 brood years .  Observed R/S from 1970-1976 brood years  
has ranged from 2.34 t o  17.74. The projected re turns  from the 1977 and 1978 
brood years  based on re turns  t o  date i s  10.6 and 1.74, respectively.  There i s  
a s l i g h t  decreasing trend in R/S with increasing escapement, especia l ly  i f  the  
projected R/S f o r  the 1978 brood year i s  considered. Linear regression of the 
natural logarithm of R/S agains t  escapement gave predicted R/S f o r  the 1978 and 
1979 brood years of 3.88 and 5.24, respectively.  The value predicted f o r  the  
1978 brood year i s  considerably greater  than the value based on the re turns  t o  
date ( i  . e . ,  the return of 4 , ' s  in 1982 divided by the long term mean proportion 



of 4 , ' s  expected from any given brood year escapement). The forecasted re turns  
from 4,, 5,, and 6, were 0.22, 0.081, and 0.084 mil l ion,  respectively.  The 4, 
and 6, forecas ts  were averages of the forecasted return based on R/S and the 
forecasted return based on return of s ib l ing  age c lasses  i n  1982. The Nuyakuk 
produces no 4, jacks, consequently the fo recas t  of 5, 's was based on R/S. 

The forecasted return of 5 was 1.2 mill ion and was an average of the fo recas t  
based on R/S (1.75 mil l ion? and the fo recas t  based on return of 4, i n  1982 
(0.65 mil 1 ion) .  The fo recas t  based on R/S i s  based on an assumed R/S of 3.9 
f o r  the 1978 brood year.  This value i s  considerably greater  than t h a t  fo r  the  
1978 brood year projected from the l imited re turn  of 4 , ' s  in 1982. The re turn  
of 5 , ' s  in 1983 could be lower than fo recas t .  Because of t h i s  and the f a c t  
t ha t  5 , ' s  a r e  such a large  component of the Nuyakuk system, this a key area t o  
watch i n  1983. 

Togi ak 

Observed R/S from the 1968-1976 brood years  has ranged from 1.77 t o  7.42. The 
projected re turns  from the  1977 and 1978 brood years based on re turns  t o  date 
i s  6.38 and 1.56, respectively.  There i s  a decreasing trend in R/S with increas- 
ing escapements, pa r t i cu la r ly  i f  the  low projected R/S f o r  the  1978 brood year 
i s  considered. A l i n ea r  regression model of R/S and escapement level f i t t e d  t o  
data from the 1968-1 978 brood years gave estimated R/S from the  1978 and 1979 
brood years of 2.44 and 3.94, respectively.  Togiak produces very few jacks 
(both 3, and 4,) consequently fo recas t s  based on t h e i r  return were not avai lable .  
The fo recas t s  f o r  return of 4,, 5,, 5,, and 6, were made based on R/S or  an aver- 
age of the fo recas t  based on R/S and re turns  of s ib l ing  age c lasses  i n  the  case 
of 5, and 6,. Those fo recas t s  a r e  0.17, 0.071, 0.30, and 0.044 f o r  4,, 5,, 5,, 
and 6,, respectively.  

SUMMARY AND CONCLUSIONS 

The fo recas t s  f o r  the 1983 return of sockeye salmon t o  Bristol  Bay made with the 
avai lable  methods ranged from 26.3 t o  43.5 mill ion f i s h  (Table 7 ) .  In addit ion 
t o  the  four methods deta i led  above the  Fisheries Research I n s t i t u t e  has made a 
fo recas t  of the 1983 return based on l imited sampling in 1982 w i t h  purse se ine  
in the old FRI high seas sampling and tagging area in the North Pac i f i c  Ocean 
south of Adak. That forecas t  was 20 mill ion ( D . E .  Rogers, Fisheries Research 
I n s t i t u t e ,  University of Washington, S e a t t l e ,  personal communication). Conf i -  
dence in te rva l s  were a l so  computed (Table 7 ) .  The hest  forecas t  technique, i n  
terms of t h a t  w i t h  the  narrowest confidence in te rva l s ,  i s  the fo recas t  based on 
the escapement-temperature model. The worst i s  the standard ADF&G fo recas t  
(Table 7 ) .  These r e su l t s  must be qua1 i f i e d  because the ADF&G fo recas t  i s  made 
based only on pas t  data ,  whereas the other  fo recas t  procedures u t i l i z ed  a l l  years  
of data t o  "hind ca s t "  the pas t .  In view of this,  the  va r i ab i l i t y  of the ADF&G 
fo recas t  i s  expected t o  be higher. 



Table 7. Summary of available forecasts of 1983 return of sockeye salmon to  
Bristol Bay. 

Forecast 
Standard Deviation Forecasted 80% Confidence Interval 

about Model Return Lower Uuuer 
Method (mil 1 ions) (mi 11 ions) Bound sound 

Standard ADF&G 11.8 

Japanese g i l l  net 
sampling mean CPUE 9.3 

Japanese g i l l  net 
sampl ing geometric 
mean CPUE 9.5 

Escapement temperature 
model 8.2 

Purse seine sampling 
a t  Adak ? 

Average weighted by 
inverse of standard 
deviation1 - 

FRI Adak forecast not included due to  low magnitude of sampling intensity in 
1982 relat ive to  past levels.  



A synopsis of key areas t o  watch as the run emerges in season in 1983 i s  pro- 
vided in Table 8. These are  particular age classes that a re  l ikely to be large 
components of the run in each of the constituent r iver  systems. In most cases 
there are inconsistent forecasts by alternative ADF&G methods. A departure 
from the forecasted age composition i s  a c lear  indication of error  in the fore- 
cast  and careful monitoring of the early age composition of the run should 
provide suitable warning i f  t h i s  should happen in 1983. 

Forecasts by age class  are  available f o r  the forecast based on geometric mean 
CPUE from g i l l  net sampling by the Japanese and for  the forecast based on purse 
seine sampling off Adak (Table 9) .  There i s  a s t r iking consistency in the ocean 
age composition of a l l  forecasts. The forecasted return i s  dominated by 2-ocean 
f ish.  There i s  some inconsistency, however, in the freshwater age component of 
the 2-ocean f i sh .  Both of the forecasts based on high seas sampling give a 
higher proportion of 5, returning from the ADF&G forecast.  The geometric mean 
Japanese forecast gave a very large return of 5, (15.9 mill ion).  If t h i s  were 
to  occur, the ADF&G forecast would l ikely be much lower than the actual return. 
I t  i s  useful t o  address the question of t o  which r iver  systems would a large 
return of 5 , ' s  go. Based on the ADF&G exercise those f i sh  would most l ikely 
return t o  Wood River, Kvichak, and Egegik. The forecast of the 5, return to  Wood 
River based on smolt data was 1.3 million, compared with the f inal  forecast of 
0.61 mill ion. The unusual age composition of the 1981 smol t outmigration in Wood 
River suggests that  the return of 5, 's could be substantially higher than fore- 
cast .  For the Kvichak there was a relat ively low percentage (11.2%) of 3-year- 
old smolt in the 1981 outmigration. If the return of 5, i s  much higher than 
forecast then t h i s  would suggest a good survival of that  outmigration and the 
return of 4, 's  would be higher than forecasted. 

The only other system where one could see a large return of 5, 's  i s  Egegik. 
There i s  a large 2-ocean return to  Egegi k (2.0 mil 1 ion) forecasted. The pro- 
portion of 3-year-old smol t s  based on 1 imited sampling of the Egegik population 
in 1981 i s  63%. If the ADF&G forecast of 4,'s i s  correct and 5, and 4, return 
in proportion observed in the smolt samples the return of 5, to Egegik would be 
1.8 million compared with the forecasted value of 1 .3 million. 

If the high seas forecasts turn out to  be correct we are going to  see substan- 
t i a l l y  higher returns of 4, 's  t o  Kvichak, Egegik, Wood River, and Ugashik and 
5,'s t o  Kvichak, Egegik, and Wood River. The age structure f o r  these systems 
should be carefully monitored in the 1983 season. 



Table 8. Key areas  t o  watch in 1983 where fo recas t  i s  l i ke ly  to  be in e r ro r .  
Synopsis summarizing inconsistencies among forecas t ing techniques. 

Age Forecast Departure 
System Class (mil 1 ions) Synopsi s from Forecast 

Kvi cha k 4 2 6.6 High smolt, record return of 3, in Higher return 
1982, Kvichak has not produced well 
in 1981 or 1982. 

5 2 1 . O  Poor re turn  of 4, in 1982, .high . Unknown 
smol t . 

5 3 1 .8  Large 5, component i n  high seas Higher re turn  
fo recas t s ,  1 ow smol t .  

Ma knek 6 3 0.7 High R/Sy low re turn .  Unknown 

Egegi k 4 2 0.7 Historical  l y  1 ow proportion 4, Un known 
returning.  Good re turn  of 3,, 
consistency in l imited srnolt data.  

5 3 1 .3  Large 5, component in high seas Higher return 
fo recas t ,  consistency in l imited 
smol t data ,  good re turn  of 4,. 

Ugashi k 42 3.3 Very large parent escapement, Unknown 
1 i t t l e  comparable R/S data 
ava i l ab le ,  record re turn  of 3,. 

Wood 5 3 0.6 His to r ica l ly  low proportion 5,, Higher re turn  
high smolt, good re turn  of 4,, 
la rge  5, component in high seas 
fo recas t .  

Igushik A l l a g e  0.6 A low R/S assumed f o r  high parent Higher return 
c lasses  escapements. 

Nuya k u  k 5 2 1 .2  High R/S, moderate re turn  of 4,. Lower return 



Table 9. Total Br i s to l  Bay f o r e c a s t  by major age c l a s s e s  f o r  each of t h e  a l t e r n a t i v e  f o r e c a s t  methods. 

Forecast Technique 
Total Total 

4, 5, 2-ocean 5, 63 3-ocean Total 

Standard ADF&G Numbers 13.5 5.3 18.9 5.6 2.7 8 . 3  27.1 
(mi 11 ions)  

Percent 49.8 19.5 69.3 20.7 10.0 30.7 

Japanese sampling Numbers 17.6 15.9 33.5 8.4 1 .6  10.0 43.5 
geometric mean (mi 11 ions )  

Percent 40.5 36.6 77.0 19.3 3.6 23.0 

I 
N FRI sampling 
P 
I 

Numbers 9.8 5.2 15.0 4.3 0.7 5.0 20.0 
(mi 11 ions )  

Percent  49.0 26.0 75.0 21.5 3.5 25.0 



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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